Methods for detecting a radioisotope within an organ continue to show rapid technical advance. Conventional scanners move either the gamma ray detecting crystal across the patient or the patient in relation to the crystal. More modem equipment such as the gamma camera uses a large stationary detector so that even the term 'scan' is becoming obsolete (Mallard 1966) . Nevertheless a wealth of clinical experience has been gained from conventional scanners as well as evaluation of various isotope-labelled substances.
Any new investigation must be assessed against already established techniques, so this discussion will be limited to such an assessment of clinical usefulness.
We have examined two radioisotopes, 197Hg chlormerodrin and 99mTc iron complex.
197Hg Chlormerodrin Chlormerodrin (3-chlormercuric 2-methylpropyl urea) is rapidly and specifically taken up by the renal cortex, fixed in the tubular cells and excreted in the urine (Borghgraef & Pitts 1956) . At first it was recommended by McAfee & Wagner (1960) that the isotope label should be 203Hg and many patients were studied with this material (Cohen et al. 1963 , Rosenthall 1964 . However, 203Hg was later replaced by 197Hg which has more suitable properties (Table 1 ) and 197Hg chlormerodrin became the material of choice (Quinn & Maynard 1965) .
The procedure for kidney scanning is uncomplicated: no special preparation of the patient is required; intravenous injection of the dose (100 IAc) is given three hours before the scan; duration of the scan is approximately one hour; there are no side-effects or contraindications apart from the difficulty some patients may have in lying still for an hour. Equipment consisted of a moving scanning table, a colour-dot diagram recorder (Mallard & Peachy 1960) and two detecting heads each with a multi-hole collimator and sodium iodide crystal (31 x 3 in; 7-6 x 8-9 cm) designed by the Department of Medical Physics at Hammersmith Hospital. Only one of the detecting heads was used for scanning the kidney with 197Hg chlormerodrin.
Approximately 140 patients were scanned during 1965-6. The scans were studied in four groups:
Normal (control) scans for kidney size and shape. We found that the margin of the kidney was never as precise as that obtained by either excretion urography or renal angiography. There were reasons for this irregularity both in the patient (movement, including respiratory) and in the equipment ('stagger'; Mallard et al. 1964) . When comparing the lengths and widths with radiographic measurements, the length of the scan was generally 1-2 cm shorter but the width corresponded well. Space-occupying lesions: We have scanned cysts, neoplasms and polycystic kidneys. The kidney scan for both a cyst and neoplasm showed as a 'cold' area with no uptake of isotope; there were no differentiating features and these scans were often indistinguishable from many of those in unilateral kidney disease especially when the tumour involved one pole of the kidney. The scan of a polycystic kidney showed irregular uptake of isotope over a large area. Unilateral kidney disease: A variety of kidney diseases were studied in patients with a normal blood urea. We were disappointed to find a similarity in the scan of a hypoplastic kidney a calculus pyelonephritis and some instances of hydronephrosis. In two examples of unilateral renal disease causing hypertension the scan was asymmetrical but the appearance of the abnormal kidney was similar to many scans obtained in other renal diseases. Likewise, the scan of a solitary kidney that had sustained a severe lower pole injury confirmed the reduction in isotope uptake in the affected area but the general appearance of the scan was nonspecific and was of less value than the excretion urogram. A nonfunctioning kidney in an excretion urogram irrespective of the etiology showed no isotope uptake.
Urwemia: Here we were particularly interested to see whether or not the scan could provide information that could match high dose excretion urography. In mild degrees of urnmia (less than 80 mg/100 ml) the scans resembled those obtained in unilateral kidney disease, that is, there was an area of reduced isotope uptake but no information about the anatomical detail of an abnormal kidney. In more severe uremia the scan was of no clinical help and it appeared that there was also a significant uptake of chlormerodrin by the liver (Buse et al. 1964) . This led to an assessment of isotope uptake by the liver in a patient who had had a bilateral nephrectomy and kidney transplant and whose blood urea was normal. The scan showed some isotope uptake in the area corresponding to the liver so that this observation would suggest that any scan of the right kidney may be affected by isotope in the liver. Finally, we have scanned several uremic patients eighteen hours after the injection of isotope. All these scans showed a marked uptake of isotope by the liver. This confirmed a report by Burch et al. (1950) that labelled mercurial diuretics disappeared from the blood more slowly in renal failure, resulting in a greater uptake by the liver.
Using 197Hg chlormerodrin, these scans did not add to the knowledge of size, shape or renal pathology already obtained by existing urological investigative methods. However, we were impressed with the apparent correlation between the R amount of isotope taken up by the kidney and its function. Although precise measurements of function were not made, it appeared that in many instances of unilateral renal disease the scan gave a valuable indication of the functioning mass. Thus, studies directed at the renal function by measuring the uptake of 197Hg chlormerodrin may prove to be of value (McAfee 1964 , Secker-Walker 1967 . By contrast, the clinical value of a scan in providing anatomical detail is, at best, only complementary to existing methods. 99mTc Iron Complex Technetium 99m has properties that make it an almost ideal agent for scanning (Herbert et al. 1965 ). It has a short half-life, produces gamma ray energy such as to permit easy collimation and has a low radiation dose per millicurie injected (Table 1) . Harper et al. (1966) found that technetium 99m in hydrochloric acid was altered by ascorbic acid to a form that combines with iron. This material is readily excreted in the urine after intravenous injection but sufficient remains in the kidney to produce a scan. A technetium 99m iron complex has been prepared for us by a similar method (Jeyasingh 1967, personal communication) . We have studied the distribution of this material in various organs of the dog and demonstrated that the proportion going to tissues other than the cortex of the kidney is very small. ,.,Fig 1 Kidney scan using 99mTc iron complex. The left kidney is grossly damaged by cakculoas pyelonephritis; the right kidney is normal 24 L The procedure of kidney scanning is similar to that described for 197Hg chlormerodrin: no special preparation of the patient is required; intravenous injection of the dose (1 5-2 0 mc) is given four hours before the scan; duration of the scan is approximately twenty minutes; there have been no side-effects or contraindications to the use of this material; the two detecting heads were used synchronously for these scans.
Approximately 30 patients have been studied with 9imTc iron complex. These scans show that this material gives a much better anatomical outline than 197Hg chlormerodrin: renal size as well as 'cold areas' due to tumours are more precise. However, we have again encountered difficulties with the uptake of isotope by the liver in the urimic patient. Further data on the scan in uremia and in unilateral renal disease without urimia (Figs 1 and 2) are being collected. The uptake of 9BmTc iron complex as a measure of renal function is being studied with the gamma camera. It is concluded that O9mTc iron complex is the best available material for kidney scanning. Our results suggest that the scan using either 197Hg chlormerodrin or 99mTc iron complex is of little value in the presence of impaired renal function. The scan is an important aspect of the clinical research being carried out with radioisotopes and the kidney, but its value in routine clinical practice has yet to be demonstrated. Acknowledgments: We wish to thank Professor John Fowler and many members of the Department of Medical Physics at Hammersmith Hospital for their help with this work. We gratefully acknowledge the support of these projects by grants from the Medical Research Council. 
